Most algorithms used in ocean colour remote sensing attempt to derive, directly, the concentrations of water constituents, mainly phytoplankton chlorophyll concentration. In this report, however, we present and discuss algorithms which have been developed to derive inherent optical properties (IOPs) from waterleaving radiance, in a one-step or multi-step process. The IOPs are then decomposed into the contributions by different optical components, such as absorption by phytoplankton pigments, and finally the IOPs of different components are converted into concentrations.
IOPs are the fundamental parameters of hydrological optics. The IOPs, in combination with radiances from the sun and sky, determine water-leaving radiance, which in turn defines water colour (an apparent optical property). At the same time, IOPs are also environmental properties. Their variations are directly related to changes in concentration, size distribution and composition of particulate matter and/or dissolved constituents. IOPs derived from remote sensing of ocean colour provide innovative opportunities for environmental observation and oceanographic studies on time and space scales not achievable with in situ measurements.
To derive, accurately, various IOPs from water colour, as presented here, is not a simple task. This report presents some frequently encountered methods for IOP retrieval. These algorithms have different levels of complexity; some are explicit about all elements and derivation processes, some are implicit; some have fewer empirical inputs, while others have more empiricism built into them. Table 14 .1 highlights their similarities and major characteristics.
When presenting and comparing models, it is always useful to remember that models, by their very nature, represent some sort of reduction, or simplification. It naturally follows that practically all models will have some limitation when they attempt to mimic nature. Thus there is often a need to tailor models for specific applications or for specific regions. If models are applied for purposes for which they were not designed, there is always a risk of poor per- comparable as possible, for the purpose of this report.
The RMSE errors presented in Figures 14.1 -14 .4 not only represent the performance of each algorithm, but show also the deviation of the bio-optical model behind each algorithm, from that of the bio-optical model used to prepare the synthetic data set. In addition, the RMSE errors for the in situ data set include uncertainties associated with field measurements. It should be noted that not all the algorithms tested used the same number of spectral bands, and some algorithms used fewer bands than what they can potentially use (especially for the synthetic data set).
An inversion algorithm works as a mathematical filter analagous to physical or chemical filters used in the lab or field. In this filtering process, uncertainties are introduced, explicitly or implicitly, into the desired products. More uncertainties are introduced when fewer parameters are under control. Clearly, the results of the various algorithms indicate that there remains room for improvement in the derivation of IOPs from ocean colour. As new information becomes available, it is anticipated that the present algorithms could be revised, or exciting new methods could be developed. It is natural that algorithm development is always a continuing and evolving process.
Nevertheless, we can safely draw the following conclusions based on the uncertainties will be introduced because the chlorophyll-specific absorption coefficient is not constant at a given wavelength, nor is the relationship between backscattering and chlorophyll well defined. 5. Because there are more unknown factors that affect the retrieval of C from ocean colour than there are unknown factors that affect the retrieval of absorption and backscattering coefficients, we should revisit the issue of C remaining the primary product of ocean-colour remote sensing, rather than the IOPs of the bulk water or the optical properties of phytoplankton. 6. The robust and stable results of the total absorption and backscattering coefficients from these various algorithms (again using the synthetic data set as reference), which were developed independently and are based on different principles, clearly indicate that these optical properties should be taken as standard products for all ocean-colour satellite missions. These optical properties, similar to the sea surface temperature, could serve as climatology data records to study long-term changes of the global oceans. 7. Space-based sensors should be equipped with at least one spectral band in the region of 620-640 nm. Such a band is very important for coastal remote sensing (or for more turbid waters), and algorithm performance would be improved when such a band is included in the process. 8. Algorithms based on the fundamentals of hydrological optics are strongly advocated. Simple empirical relationships prevent understanding of the basics and, therefore, limit advancement in ocean-colour remote sensing. On the other hand, analytical or semi-analytical algorithms enable opportunities to trace back the error sources.
Because inherent optical properties provide important indices for our water environments and open new doors for oceanographic studies, we should spend a great deal of effort on the following issues to improve IOP products:
❖ Increased high-quality, co-located measurements of remote-sensing reflectance and IOPs. ❖ Improved methods to select model parameters such as the spectral shapes of individual IOPs that include b b (λ), a ph (λ) and a dg (λ). Separation of the global ocean into dynamic biogeochemical provinces may provide vital help in this regard (see IOCCG working group on "Global Ecological Provinces" http://www.ioccg.org/groups/dowell.html for more information). ❖ Better quantification of uncertainties in derived products. An in-depth analysis of error sources and their propagation are highly desirable in this regard. ❖ Improved procedure for atmospheric correction. All algorithms tested use remote-sensing reflectance (R rs ) as inputs for the calculation of IOPs. Quality of R rs , which is one of the products derived from atmospheric correction, plays a critical role in the accuracy of retrieved IOPs. Addition of UV-a bands would assist in the derivation of R rs from satellite measured radiance, especially for coastal waters. Also, such bands may increase the ability to separate phytoplankton absorption from that of dissolved and non-pigmented particulate materials. ❖ And, finally, enhance and broaden applications of IOPs for oceanographic studies, which are the ultimate goal of ocean-colour remote sensing. It should be pointed out that in this exercise, the water column was assumed to be homogeneous in terms of its optical properties. Passive optical remote sensing becomes quite a challenge when the optical properties of the upper water column are significantly stratified. Furthermore, we did not touch on issues related to optically shallow environments in this report (for discussions on this issue see IOCCG Report 3). To resolve these important issues, we need to effectively combine measurements from satellite with those from other observatory platforms, such as LIDAR, gliders, and the Network of Coastal Observatories.
